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(54) PARALLEL ARITHMETIC UNIT, ENTERTAINMENT DEVICE. ARITHMETIC PROCESSING METHOD. 
COMPUTER PROGRAM. AND SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a parallel arithmetic unit 
capable of easily performing an inner product operation of vector 
while allowing an efficient matrix operation to be performed. 
SOLUTION: This parallel arithmetic unit 10 is provided with sets of 
resisters 120a-120d for storing arithmetic elements to be operated. 
FMAC 140a-140d for performing a sum-of-product operation on the 
basis of the arithmetic elements stored in the registers 120a-120d, 
and selectors 130a and 130b interposed between the resistor 120a 
and FMAC 140a. The selectors 130a and 130b input the arithmetic 
element stored in the resistor 120a to the FMAC 140a in the matrix 
operation, and successively select the resistors 120a-120d one by 
one and supplies the arithmetic element stored in the selected 
resistor to the FMAC 140a in the inner product operation of vector. 
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[»*jsi o] n&mwk^* h/wftm&iwt&m 10 

-ooSgfSCA^lt, 3KiRJI%MR:l£tt3F»Rfc 

SC^&Ul^&o 20 

< *f ?nSi J? SrtT^it 5 #131, 30 
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5o L2>>U K2{^fj:9^ Hy^A (Ax, A 
y, Az, Aw) h/UB (Bx, By, Bz, Bw) t 

[0 0 0 7] Hio: <h^rJ; 9^ffW«cBftiq-rs. 
Wi&cDttMikteZWiWmmkLX. &W<=fF\<D lftft<D 

fQmm^xn?\\9i&&'iT0o ^wn^i<omn 
(otfLftB (Mil, M12, M13, MH) kmm&mmm 



(4) 

5 

(Vx, Vy, Vz, Vw) tSr«ft»|LLt TMll-Vx 
+ M12 • Vy-hM13 • Vz+M14 • VwJ 3r^ffl-T£ 0 4 

[0 0 0 8] »S2(7)rtSj|5^?T^^ 4|WFM 
ACtt^*L^*XX, Y, Z. WCQ^-rtL^^CO^^^ 

Cte, Ax&tfBx, Ay&U<By, Az&t/Bz, AwS(/ 

Bw^A^^iX^o ftlflKDffiAtlTAx- Bx\ Ay 10 
Mn M12 Mia Mi 4 | I V x | [Mii - V 

M2lM22M23M24 Vy M2 1 ■ V 

Mai M32 M33 M34 V x M31 • V 
M4 1 M42 M43 M44I t Vw I I M41 • V 



2002-202964 

6 

• By. Az- Bz, Aw Bwi6^£B £ ft5 0 *:<ntz#) 
C &^2&mft^Ztzlbl t Zte4m<DFMAC(Dmjj£: 

[0009] ~<d£ o c '&&<Dmm&mmitaz, n 

[f&l] 

x+Ml2 * Vy+Ml3 ' V«+Ml4 " Vw 
X+M22 • Vy+M23 " V.+M24 • Vw 
X+M32 ' Vy+M 33 • V,+M34 « Vw 
x+M42 ' Vy+M43 • V.+M44 • Vw 



1%C2] (Ax, Ay, Az. Aw) - (Bx, By. Bz. Bw)=Ax* 
Bx+Ay By+ Az* Bz+Aw Bw 
[0010] 

a&w* h&Mictf <dx% z>mmwmw.*W;m 
[001 1 ] 

SriltRU a^Lfcffi«*S(c|BftStt"r»y^5ttlEiSillL 30 

[0012] z\<D±itt&m<D&mm&m&iz±y)^ 

* s -e#5o — m&i&s&K -r^x^mm^&frb— 
^(DhcD&mmv icmvi-tzm&te. ^m<omm^mz 

[0 0 13] roi^^^JaWSSB-Ctt, OTIEilR^ 

-r s tz#>v>— BSiBfis^sa^frr a «t 3 (c it t «t v \ 
s ttr v ^ saws * s:B(rie«a[^ajc a* s *s x o \z. 



[0 0 14] Z\<DX 5^ife?lJ«*^S(-^V^T, 0»JX. 

&mmtstiz>k. mmmiR^&tK mmn&imnma* 

<om&&fto hoxhv, 3^7c^>t 0 ^ — ^^yy^ 

*y?*\z\z\(D& ? temmwrnrnzm^zm^zte^ m 

[0015] *&w<nm><Dmimnmm±, nmrnstt 
^ hJWiHmm&k&mfomcftomwxth^x, m 

Hijiaa»f7)8E«^a^ 1 » 1 cm l 

mat, mffiffiftcoiBft^aSrffilft 9 C-o-ToiMK L 



[0 0 16] > HSBtt, ^ft: 

[0 0 17] jfc&fft<nm<D^>'* J r<<>'* > hS6««. 

^ hji-kffim&m^i? b/i'koifSt&m&tftteffifeoffl 
[0018] ftmnmt^* so 



4$BH 2002-202964 

8 

h^o^a^i^ilWWiclltT^tgtr-rsi k h\z y 

or, miEtr^jaif^^ii, *<Dtt&ktez>m&m$i$: 

S<5< «*PiS[*SrtT*>*. lWlErtffi«3|li#lcra\ 

[0 0 19] *^0^On^t o ^ — ^/D^7Afl fT?U 

\zm<$\,^xifowmL<om%^wt<D&*\zm ) o rnxxxx 

o 

[0020] *«w^^fr^>r^tt, nmmwk^ 
? b/i'<D[Hffim&k&m$itbizm?r'zimz-rz>kkh 

mn&mnmta^ t^M^k^^mmm^^^m ■ 
icm^^xiftmm&<Dmw^&<D&* tern*) stta* 

kt£z>$mm%k*m'&<n — ^nsfsi^LT, s 

[0 0 2 1] 

[0 0 2 2] roxy^r-f y^yh^iiil -tix-P 

[0 0 2 3] ^ W<;*B 1 ±fcS^i»frx^^ 

is^^rV 1 ^-^yDMAC (Direct Memory Acce 

ss Controller) 12 k, MPEG (Moving Picture Ex 
perts Group) x^ — ¥ (MD EC) 13^ WMWi * 

*v ktez>7i"-j**^y 1 5&ftm,i~z>ffim&mmm 

(Graphic Processing Unit. JL^T, TGPUj ) 14 
^^^!^tL5o GPU14{Cii, 7U-A^^!i 1 5C 



(6) 



4#BB 2002-202964 



9 

tt m £ ti tz *r — * £ m K <D 7 s * -f \s 4 3£ B "C* # 
5 ct 9 (C-T 5 fc^co If ^ffi^ff -g-Sr^-f- £ C R T C 
(CRT Controller) 16dSffiK£*l5„ 

[0 0 2 4] ^-fycpuioit xy^7>fy>yh 

Wx.«r**ioa*ia« (#y^» -e«^*nfc3»:7c 
t^x^ hf-^ wy^^is^ (on 

po tit, hy^sjci^^y ^>-^aw® 
ioott, :©>>fycpuioiirtssnTfcD, ^ 

^ H y ^^^<>o^{c:^v^H^)o &?'MII=£®1 0 0 

[0 0 2 5] GPU14I1 SHa^T^:* h (ztfy=* 

c pu i o^^a^^^^x^^^u-r y ^ M-tfcoT 

[0 0 2 6] ^^DMAC 1 2tt, ^-f>^<^B 1 ^ 

5iittC /**-f ;* I NT<£>:tfc|giaEi: 

T, -V-7'<XB 2\£&t$i£tiX^Z&lsl&&ttMLb IT 
DMA(Eg»J»Srfif 5 *»ftf ^-C&So MDEC 
13(1, PU 1 0 i&yiJMKlfEU MPEG 

(Moving Picture Experts Group) ;frztfo£l^ttj PE 
G (Joint Photographic Experts Group) ^^^"CHEflg 

[0 0 2 7] 1r:7V<;*B 2 (Ctt, ^ n -fer ^ -tf-ft 
^T'«SSn5tyCPU2 0, RAMt«^5t 
^^ey21, t^DMAC2 2, 

3, K^y 2 5}:Sffl$tLttr-^^^ai 

* ( S P U (Sound Processing Unit) ) 2 4 , d 



10 

Srfr ?i§ff$J®)g|$ (ATM) 2 6, CD-ROM^DV 
D-ROM4^>f^f 728 ££S3tff Ztz&CD^T^ 

[0 0 2 8] f7'CPU2 Ott, ROM 2 3fC|Stt$tt 
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^^Cfi-o^FMACWtS J: 5 Woti> 
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50 tl/^^130a, 1 3 0 b <DW)ftf&m&ft 0 * 
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[0 0 3 3] 1 20a-l 20dll 

"9ST^ttrv>^t^4r, rtSRIEtftSSKl 5 0^fe*5 

fc#K:f2, 2o<D4»:5£^<^ h/u<a/&#filtf>9*bg 6^ 

t6 0 #J;tl;f, 2o<£>4#;5t;'<^ h/U (Ax. Ay, A 
z, Aw) (Bx, By, Bz, Bw) (Ooh, Isi/X* 10 

12 0 a !2/&#{gAx&U<Bx£, Uv^* 12 0 b 12/S 
#«AyXtf BySr, 12 0c f2fiE$MlAzXt/ 

Bz£, Uv?** 12 0 dl«MAwSr/Bw$:^M 

a - 1 2 0 d {CI*, 4 »C7cffi«<Offi«ffi<7>ffet^ l/y^ 
^ 1 2 0 a^^mtT^JOlff i^^fiS, 1/^^12 

0 b ^^tT^JO 2tTg0^c^flSs L/^M20cC 20 
X«ifT9iJ<0 3ffBO^fig, ^^12 0dlcSJftfT 

tL5 0 120a-120dlt &&ftfll<Dft 

U-v?** 120a-120 dlC|2, ^fitiSFMA 

C140a-120d <^iS[3(Lte**SfESSttSo 30 
[0 0 34] 30a, 130 b 12, 

120a~120 d^P)-oJrMt, iltR Lfc U 
^*c:|5»SixSjSll|LS3(IS:Slf9ii^"CFMAC 14 0a 

a-1 20d^J»D^ — ittRl^U^ 
^^fCffift$ix5S[aS[IHRS:Bl[9iiA/"CFMAC 14 0 

1 2 0 a ^iltRLT*^, U-v** * 1 2 0 a fClE»£*l 
5fiSI$^^U'FMAC 14 0a ^tfef£-r3 0 
tU^^130a, 1 3 0 bf2, *JPIeIS&1 1 0tC<£ 40 

^^^^ u^^ft-a^i-So 

[0 0 3 5] # FMA CI 40a — 1 4 0 d(i, 
^120a-120d tlZ>mWWm$: 2 «9 

i£^T*fflfl^T>^DS^£kOT*&3 0 IS 3 12, FMA C 
1 4 0 a <7>F^«/*[a-C£>£ 0 toFMACH 
0 b - 1 4 0 d t^li^M^OC0T% ::t'liFM 
AC140a(DM(D^^LT, iOFMAC14 

o b- 1 4 o d{CD\,^x<Dm.wn<§m-fz>o fmaci 

4 0 all, »9i&A/«««B***Wa^JD»-rSfc«> so 



IC, i*»/J^»^a*» (FMUL : Floating MULtipl 
y) 1 4 1 <h, #»>h»j£*0*» (F ADD : Floating 
ADDer) 1 4 2 t £fit;L£ 0 & 9 i&Sftfc 2 ocogiffg 
mi*. *i* , FMU L 1 4 1 -C^Sn^o 
F ADD 1 4 2 |C^ibtt5 0 FADD14 2TI1 FM 

ul i 4 ifrbi£btiitm&i&m&mfci)u&irz> 0 mz. 

It. Wi&mmb LtaO- aoRtfbO-bn£r, *ti?ti 
WSIC — o-f 0^9 i£iri§£\ FMACHOaCio 
T, «T^>«t 9*»*fe*^#?>ixS 0 aO- bO+al 

• bl+a2 - b2 + 4- a (n-1) • b (n-l)+ a n • bn 

#FMAC140a-140dlt f»*ie*Sr. 

[0 0 3 6] tU^^UOa, 130bl-J:«9, FM 
AC140a-140dil ft?mM®fX 

zkTcD&otmftbteZo ftmmn&no £#ici2, f 

MAC 140a^ 1 20a — 1 2 0 d^^t 

U^*130a, 1 30b^LTftl&$tl62o^ 

l-ttti^o ff^M^£f?5 b£{ZI* % FMACI 4 
OarUOd^ U^** 120a — 120 

d fl» © 19 aitf *lkfT^jfc#fi2ltf 4 ^7cffi^(7)M^ 

U *JlLfcJ«*S:W»:JPJii-a. 
[0 0 3 7] ftg&lEttgifi 1 5 0 11, Mfflleltt 1 1 o co 

©Jt»icj;i9, y-o^y 1 1 frbtfv ^><Dm^<om 
ric#ffi^a>^a-^ h y &m^&mteT—?$:m<9&A;x 

lE^-T^o *fc, 8**^**1^^^ 120a — 120 

1 5 o^it^^y^^y 1 1— jUtixsr iric/j? 

rt^lEtt^S l 50b^4>^^eV 1 1^: or^r- 
11, *V u-^ h^^-y T^t^ifeitSC i:icj;i9, iff 

[0 0 3 8] J^±(7)J: 5 ^ffiWSiStaSa lOOata 
«9, »«;2(75rtaa38L, o^«9-<^ h/WA (Ax, Ay, 
Az, Aw) b/l-B (Bx, By, Bz, Bw) b<Dfa 

mfcw&n 0 bzcDfammmiz^^xmw-fZo m4 
ii, zcdx ? te^mcD^m&^'fy v -y — hx-fc 

[0 0 3 9] a£?iJi£ff $1® 1 0 0 a 12, ^^f»^y 1 
lfCffitt$ftfc'<* h ^A (Ax, Ay, Az, Aw) 

h/l^B (Bx, By, Bz, Bw) (Of^^i^V^ Is? 

b*^vT?±xmmiz£vft^miMmw:i 5 oiciss 

i^A/TlS^-TS (^ry^S 101) a l 2 

0 a - 1 2 0 d 12, ^aSiEtS^g 15 0 lC|E®Sixfc-< 
^ h^UA (Ax, Ay, Az, Aw) Rlf^? h/UB (B 
x. By, Bz, Bw) <Z>#fiK#ffitf> 5 ^ § ^>iCfJ «9 b 
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x&tFBx, \s*J*9 1 2 0 b (SAy&LFBy, l/^^l 

2 0 c (SAz&I/Bz, l/^^120dliAwWBw?r 
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